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BMS-663068 is a prodrug of BMS-626529, a first-in-class attachment inhibitor that binds directly to HIV-1 gp120, preventing
initial viral attachment and entry into host CD4� T cells. This open-label, multiple-dose, four-sequence, crossover study ad-
dressed potential two-way drug-drug interactions following coadministration of BMS-663068 (BMS-626529 is a CYP3A4 sub-
strate), atazanavir (ATV), and ritonavir (RTV) (ATV and RTV are CYP3A4 inhibitors). Thirty-six healthy subjects were random-
ized 1:1:1:1 to receive one of four treatment sequences with three consecutive treatments: BMS-663068 at 600 mg twice daily
(BID), BMS-663068 at 600 mg BID plus RTV at 100 mg once daily (QD), ATV at 300 mg QD plus RTV at 100 mg QD (RTV-
boosted ATV [ATV/r]), or BMS-663068 at 600 mg BID plus ATV at 300 mg QD plus RTV at 100 mg QD. Compared with the re-
sults obtained by administration of BMS-663068 alone, coadministration of BMS-663068 with ATV/r increased the BMS-626529
maximum concentration in plasma (Cmax) and the area under the concentration-time curve in one dosing interval (AUCtau) by
68% and 54%, respectively. Similarly, coadministration of BMS-663068 with RTV increased the BMS-626529 Cmax and AUCtau

by 53% and 45%, respectively. Compared with the results obtained by administration of ATV/r alone, ATV and RTV systemic
exposures remained similar following coadministration of BMS-663068 with ATV/r. BMS-663068 was generally well tolerated,
and there were no adverse events (AEs) leading to discontinuation, serious AEs, or deaths. Moderate increases in BMS-626529
systemic exposure were observed following coadministration of BMS-663068 with ATV/r or RTV. However, the addition of ATV
to BMS-663068 plus RTV did not further increase BMS-626529 systemic exposure. ATV and RTV exposures remained similar
following coadministration of BMS-663068 with either ATV/r or RTV. BMS-663068 was generally well tolerated alone or in com-
bination with either RTV or ATV/r.

There is an ongoing need for new classes of antiretroviral agents
that can provide potent and durable activity against HIV-1, pri-

marily due to the development of resistance to existing compounds
and the need for improved safety and tolerability profiles compared
with those of current treatments (1, 2). Some HIV-positive patients,
particularly treatment-experienced patients, may have limited treat-
ment options owing to the presence of viral mutations causing re-
duced antiretroviral drug susceptibility, the emergence of drug toxic-
ities from long-term antiretroviral therapy, and contraindications
from the need to manage concurrent infections. To manage the com-
plex and highly individualized requirements of treatment-experi-
enced patients, antiretrovirals with activity against drug-resistant vi-
rus and limited or manageable drug-drug interactions (DDIs) are
needed so they can be used effectively in combination with other
antiretroviral agents or concomitant medications (3, 4).

BMS-663068 is a prodrug that is metabolized to the active moi-
ety BMS-626529, a first-in-class, potent HIV-1 attachment inhib-
itor that prevents the initial interaction between virus and host cell
by binding to the viral envelope protein gp120 (5, 6). This blocks
attachment of the virus to the CD4 receptor of CD4� T cells (6).
By targeting the initial step in viral attachment and entry, BMS-
626529 is not affected by coreceptor tropism and is therefore ac-
tive against CCR5-tropic, CXCR4-tropic, and dual CCR5- and
CXCR4-tropic (R5X4) strains of HIV-1 (6–10). Preliminary in
vitro data show that HIV-1 isolates are generally susceptible to
BMS-626529 irrespective of subtype, with the exception of sub-
type AE and, possibly, group O (8, 9). BMS-626529 also has a
unique resistance profile with no in vitro cross-resistance to other
classes of antiretrovirals (7, 8). In an ongoing phase IIb study,

BMS-663068 combined with tenofovir disoproxil fumarate
(TDF) and raltegravir (RAL) demonstrated efficacy comparable
to that of ritonavir (RTV)-boosted atazanavir (ATV) (ATV/r) also
combined with TDF and RAL. BMS-663068 was generally well
tolerated, and through week 24, there were no BMS-663068-re-
lated serious adverse events (SAEs) or adverse events (AEs) lead-
ing to discontinuation (11).

BMS-663068 is delivered as an extended-release formulation,
converted to BMS-626529 by alkaline phosphatase in the gastro-
intestinal lumen, and then rapidly absorbed due to its efficient
membrane permeability (5). The active moiety circulating in
plasma, BMS-626529, is predominantly metabolized by an es-
terase-mediated hydrolysis pathway with contributions from a cy-
tochrome P450 (CYP) 3A (CYP3A)-mediated oxidative pathway.
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In vitro studies indicate that neither BMS-663068 nor BMS-
626529 inhibits or induces CYP enzymes or is a strong inhibitor of
drug transporters, including P-glycoprotein (P-gp) (Bristol-My-
ers Squibb, unpublished data).

Ritonavir-boosted protease inhibitors (PIs), including ATV/r,
are important components of many antiretroviral treatment reg-
imens in both treatment-naive and treatment-experienced pa-
tients (3, 4). As both ATV and RTV are potent inhibitors of
CYP3A4 (12, 13), it was anticipated that coadministration of ATV
and RTV with BMS-663068 could result in greater systemic expo-
sures of BMS-626529. This is supported by results from early-
phase pharmacokinetic (PK) studies (14–16) that have shown that
RTV moderately increases BMS-626529 systemic exposure. In con-
trast, as neither BMS-663068 nor BMS-626529 inhibits CYP3A4 in
vitro, coadministration of BMS-663068 with RTV and/or ATV is not
expected to affect RTV or ATV exposures.

The objectives of this study were to address the potential DDIs
following coadministration of BMS-663068, ATV, and RTV and
assess the safety and tolerability of these agents in combination in
healthy subjects.

(This work was presented in part at the 20th Conference on
Retroviruses and Opportunistic Infections, Atlanta, GA, 3 to 6
March 2013 [17].)

MATERIALS AND METHODS
Trial design. Study AI438012 was a randomized, open-label, multiple-
dose, four-sequence, crossover, two-way drug-interaction study in
healthy subjects. The study was conducted at a single clinical site with a
planned total sample size of at least 32 evaluable subjects (8 subjects per
treatment sequence). Subjects underwent screening evaluations to deter-
mine eligibility within 21 days prior to starting study treatment. Subjects
were admitted to the clinical facility on day 1, prior to dosing, and were
confined to the clinical facility until study discharge on day 27.

The study comprised four treatments: BMS-663068 at 600 mg twice
daily (BID) (treatment A), BMS-663068 at 600 mg BID plus RTV at 100
mg once daily (QD) (treatment B), ATV at 300 mg QD plus RTV at 100
mg QD (treatment C), or BMS-663068 at 600 mg BID plus ATV at 300 mg
QD plus RTV at 100 mg QD (treatment D). Subjects were randomized

1:1:1:1 to receive three consecutive treatments according to one of the
four treatment sequences (Fig. 1).

In the first treatment period, all subjects received treatment A for 4
days and a single morning dose on day 5. In the second treatment period,
subjects received treatment B, C, or D for 10 days. In the final treatment
period, subjects received one of the three remaining treatments (treat-
ment B, C, or D) for 10 days (the treatment sequence is shown in Fig. 1).
There were no washout intervals between treatment periods. Randomiza-
tion was carried out using a computer-generated randomization scheme.

All doses were administered under fed conditions. The morning dose
was administered following a standard breakfast (approximately 423 kcal)
(18), and the evening dose was administered following an evening snack
(approximately 300 to 350 kcal).

Plasma samples for analysis of BMS-626529 were obtained predose
and at 1, 2, 3, 4, 6, 8, and 12 h postdose on days 5, 15, and 25. Plasma
samples for analysis of ATV and RTV were obtained predose and at 1, 2, 3,
4, 6, 8, 12, and 24 h postdose on days 15 and 25. Physical examinations,
measurement of vital signs, 12-lead electrocardiograms (ECGs), and clin-
ical laboratory evaluations were performed at selected times throughout
the study, and subjects were closely monitored for AEs and SAEs through-
out the study.

Written informed consent was obtained from all subjects, and the
study was conducted in accordance with good clinical practice, as defined
by the International Conference on Harmonization. The protocol,
amendments, and subject informed consent were approved by the Insti-
tutional Review Board/Independent Ethics Committee of Integreview
Ltd. (Austin, TX, USA) prior to initiation of the study.

Subjects. Eligible subjects were healthy adults (age range, 18 to 49
years) with a body mass index of 18 to 32 kg/m2 who were deemed to be in
good health on the basis of their medical history, physical examination,
12-lead ECG, and clinical laboratory assessments. Subjects were excluded
from participation if they were pregnant or breast-feeding or had any
significant acute or chronic medical illness.

Study objectives. The primary objectives of the study were to estimate
the effects of two-way drug interactions on the PKs of BMS-626529 and
ATV, comparing the coadministration of BMS-663068 at 600 mg BID,
ATV at 300 mg QD, and RTV at 100 mg QD with the coadministration of
BMS-663068 at 600 mg BID and RTV at 100 mg QD and comparing the
coadministration of BMS-663068 at 600 mg BID, ATV at 300 mg QD, and
RTV at 100 mg QD with the coadministration of ATV at 300 mg QD and
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FIG 1 Design of study AI438012. *, one subject receiving treatment sequence A-D-B did not complete the study due to poor compliance/noncompliance; †, only
the a.m. dose was given on day 5.
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RTV at 100 mg QD, and to estimate the effects of ATV/r on the PKs of
BMS-626529 following the coadministration of BMS-663068 at 600 mg
BID, ATV at 300 mg QD, and RTV at 100 mg QD compared with the PKs
of BMS-663068 at 600 mg BID alone in healthy subjects. The secondary
objectives were to estimate the effects of RTV on the PKs of BMS-626529
when administered as BMS-663068 at 600 mg BID and to compare the
maximum concentration in plasma (Cmax) and the area under the con-
centration-time curve (AUC) in one dosing interval (AUCtau) of RTV
when RTV at 100 mg QD was coadministered with BMS-663068 at 600
mg BID with the Cmax and AUCtau of RTV when RTV was administered
with ATV at 300 mg QD. In addition, the safety and tolerability of BMS-
663068 at 600 mg BID either alone or in combination with ATV at 300 mg
QD, RTV at 100 mg QD, or ATV/r at 300/100 mg QD were assessed.

Assessments. (i) Bioanalytical methods. Following extraction from
human K2EDTA-anticoagulated plasma, BMS-626529 concentrations
were determined using a validated liquid chromatography-tandem mass
spectrometry (LC-MS/MS) assay at Intertek Pharmaceuticals Services
LCMS (El Dorado Hills, CA, USA). ATV and RTV concentrations were
determined by LC-MS/MS at Tandem Labs (Trenton, NJ, USA).

The lower limit of quantification (LLOQ) and the upper limit of quan-
tification (ULOQ) for the analysis of BMS-626529 and RTV in human
plasma samples were established to be 5 ng/ml and 5,000 ng/ml, respec-
tively. The LLOQ and ULOQ for the analysis of ATV were established to
be 10 ng/ml and 10,000 ng/ml, respectively. The within-run and between-
run precisions for quantification of BMS-626529 were �9.3% and
�5.1%, respectively; those for quantification of RTV were �6.2% and
�4.7%, respectively; and those for quantification of ATV were �4.1%
and �5.5%, respectively.

(ii) PK analysis. Multiple-dose PK parameters for BMS-626529, ATV,
and RTV were derived from plasma concentration-versus-time data and
included the following: Cmax, time to Cmax (Tmax), AUCtau (time zero to
12 h postdose for BMS-626529 and time zero to 24 h postdose for ATV
and RTV), plasma concentration at 12 h postdose (C12) for BMS-626529,
and plasma concentration at 24 h postdose (C24) for ATV and RTV.

Individual PK parameter values were derived by noncompartmental
methods, using Kinetica software (version 5.0; Thermo Electron Corpo-
ration, Pittsburgh, PA, USA). Actual sampling times were used for PK
calculations, and nominal times were used for the generation of mean
plasma concentration-time plots and summaries. AUCtau was calculated
using mixed log-linear trapezoidal summations.

(iii) Statistical analysis. Statistical analyses were carried out using
SAS/STAT software (version 8.2; SAS Institute Inc., Cary, NC, USA).
Summary statistics are provided by treatment for BMS-626529, RTV, and
ATV PK parameters.

For each within-subject comparison, a linear mixed-effect model was
used to analyze log-transformed data, with treatment, period, and se-
quence being fixed effects and measurements within each subject being
repeated measurements. Point estimates and 90% confidence intervals
(CIs) for differences on the log scale were exponentiated to obtain esti-
mates for ratios of the geometric means on the original scale. The model
assumptions and potential confounding factors were examined. No ad-
justment for multiplicity was made in constructing the CIs. For compar-
ison of treatments B and C, a between-subject comparison based on a
two-sample t statistic on the log scale was used.

RESULTS
Subject disposition/baseline demographics. A total of 71 sub-
jects signed informed consent forms consenting to participation
in screening procedures; to allow for discontinuations, 36 subjects
(9 per treatment sequence) were treated. Thirty-five subjects com-
pleted the study, with one subject in sequence group 2 (treatment
sequence A-D-B) being discontinued from the study on day 23 for
reasons of poor compliance/noncompliance. Baseline demogra-
phics were generally balanced between the sequence groups: the
overall median body weight was 80 kg (range, 52 to 106 kg), the

median age was 30 years (range, 18 to 49 years), 26 (72%) of the
subjects were male, and 19 (53%) of the subjects were black/Afri-
can-American.

Pharmacokinetics of BMS-626529. Mean BMS-626529 plasma
concentration-time profiles for all subjects receiving treatment A
(BMS-663068 at 600 mg BID, n � 36), treatment B (BMS-663068 at
600 mg BID plus RTV at 100 mg QD, n � 17), and treatment D
(BMS-663068 at 600 mg BID plus ATV at 300 mg QD plus RTV at
100 mg QD, n � 36) are shown in Fig. 2A.

(i) Effect of ATV/r when coadministered with BMS-663068.
To assess the effect of ATV/r on the PKs of BMS-626529, within-
subject comparisons were used to compare BMS-626529 systemic
exposures following administration of treatment D with those fol-
lowing administration of treatment A (Table 1). Compared with
the results obtained with treatment with BMS-663068 alone, co-
administration of BMS-663068 with ATV/r increased the adjusted
geometric mean Cmax, AUCtau, and C12 of BMS-626529 by 68%,
54%, and 57%, respectively.

(ii) Effect of RTV when coadministered with BMS-663068.
To assess the effect of RTV on the PKs of BMS-626529, within-
subject comparisons were used to compare BMS-626529 systemic
exposures following administration of treatment B with those fol-
lowing administration of treatment A (Table 1). Compared with
the results obtained with treatment with BMS-663068 alone, co-
administration of BMS-663068 with RTV increased the adjusted
geometric mean Cmax, AUCtau, and C12 of BMS-626529 by 53%,
45%, and 44%, respectively.

(iii) Effect of ATV when coadministered with BMS-663068
plus RTV. To assess the effect of ATV on the PKs of BMS-626529
when BMS-663068 was used in the presence of RTV, within-sub-
ject comparisons were used to compare BMS-626529 systemic
exposures following administration of treatment D with those fol-
lowing administration of treatment B (Table 1). When comparing
the coadministration of BMS-663068 plus RTV with the coad-
ministration of BMS-663068 plus ATV plus RTV, the adjusted
geometric mean AUCtau and C12 values for BMS-626529 were
similar; however, Cmax increased by 15% in the presence of ATV
(adjusted geometric mean; Table 1).

Pharmacokinetics of ATV. The mean ATV plasma concentra-
tion-time profiles for all subjects receiving treatment C (ATV at
300 mg QD plus RTV at 100 mg QD, n � 18) and treatment D
(n � 36) are shown in Fig. 2B.

(i) Effect of BMS-663068 when coadministered with ATV/r.
To assess the effect of BMS-663068 on the PKs of ATV, within-
subject comparisons were used to compare ATV systemic expo-
sures following administration of treatment D with those follow-
ing administration of treatment C (Table 2). Compared with the
results obtained with treatment with ATV/r alone, the adjusted
geometric mean Cmax and AUCtau values for ATV remained sim-
ilar following coadministration of BMS-663068 with ATV/r; how-
ever, C24 increased by 19%.

Pharmacokinetics of RTV. The mean RTV plasma concentra-
tion-time profiles for all subjects receiving treatment B (n � 17),
treatment C (n � 18), and treatment D (n � 36) are shown in
Fig. 2C.

(i) Effect of coadministration of BMS-663068 with ATV/r. To
assess the effect of BMS-663068 on the PKs of RTV, within-subject
comparisons were used to compare RTV systemic exposures fol-
lowing administration of treatment C with those following
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administration of treatment D (Table 3). RTV systemic expo-
sures (adjusted geometric mean Cmax and AUCtau) remained
similar whether RTV was coadministered with ATV or ATV
plus BMS-663068; however, the RTV C24 was slightly higher

(22%) when RTV was coadministered with ATV and BMS-
663068 than when it was administered with ATV alone.

(ii) Effect of coadministration of BMS-663068 and RTV ver-
sus coadministration of ATV and RTV. To assess the effect of
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BMS-663068 versus that of ATV on the PKs of RTV, between-
subject comparisons were used to compare RTV systemic expo-
sures following administration of treatment B with those follow-
ing administration of treatment C (Table 3). Compared with the
results obtained by coadministration of RTV with ATV, coadmin-
istration of RTV with BMS-663068 resulted in decreased RTV
systemic exposures, with reductions in adjusted geometric mean
Cmax and AUCtau values of 60% and 38%, respectively. As the RTV
systemic exposure approximately doubles when RTV is coadmin-
istered with ATV (19), these results suggest that coadministration
with BMS-663068 does not significantly affect RTV systemic ex-
posure.

Safety and tolerability. In total, AEs were reported in 24/36
(66.7%) treated subjects, with the majority of AEs being reported
in subjects receiving BMS-663068, ATV, and RTV in combination
(treatment D; 19 subjects, 52.8%) (Table 4). AEs deemed to be
related to the study drugs were reported in 21/36 treated subjects
(58.3%). The most frequently reported drug-related AEs were
scleral icterus (13 subjects, 36.1%), abdominal pain (6 subjects,
16.7%), and headache (5 subjects, 13.9%). Drug-related scleral
icterus occurred most frequently following treatment with BMS-
663068, ATV, and RTV in combination (treatment D; 10 subjects,
27.8%) than following treatment with BMS-663068 plus RTV
(treatment B; 1 subject, 5.6%) and treatment with ATV/r (treat-
ment C; 2 subjects, 11.1%); no incidence of AEs was reported
following treatment with BMS-663068 alone (treatment A). These
observations are consistent with the known AE profile of ATV,

which includes AEs of moderate to severe intensity, such as
asymptomatic hyperbilirubinemia (including scleral icterus), ab-
dominal pain, headache, nausea, and skin rash (13). Drug-related
AEs (diarrhea and headache) occurred in 2/36 subjects (5.6%)
following administration of BMS-663068 alone (treatment A). El-
evations in total bilirubin levels considered to be marked labora-
tory abnormalities were observed during administration of ATV/r
and occurred in 27 subjects (75%) on day 16 and in 13 subjects
(36%) on day 27 (discharge). No deaths, SAEs, or AEs leading to
discontinuation were reported during the study. There were no
other clinically significant laboratory abnormalities, changes in
vital signs, or ECG-related AEs reported.

DISCUSSION

BMS-663068 is a prodrug metabolized to the active moiety BMS-
626529, a first-in-class attachment inhibitor that binds to HIV-1
gp120, blocking attachment of the virus to the host cell and pre-
venting subsequent viral entry (5, 6). In an ongoing phase IIb
study, BMS-663068 demonstrated efficacy comparable to that of
ATV/r when both were combined with TDF and RAL (11). Treat-
ment-experienced patients with extensive drug resistance require
new therapies with novel modes of action to achieve virologic
suppression, and it is important that new agents have few and/or
manageable DDIs and are well tolerated. As BMS-663068 may be
used in combination with ATV and/or RTV, this study assessed
the potential DDIs following coadministration of BMS-663068,
ATV, and RTV in healthy adults.

In this study, compared with the values obtained with BMS-
663068 alone, coadministration of ATV/r with BMS-663068 led to
increases in BMS-626529 Cmax, AUCtau, and C12 values of 68%,
54%, and 57%, respectively. Similarly, the coadministration of
BMS-663068 with RTV at 100 mg QD resulted in a moderate
increase in BMS-626529 systemic exposure, with approximate in-
creases in Cmax, AUCtau, and C12 values being 53%, 45%, and 44%,
respectively. The latter observations are in agreement with those
from a previous absorption, distribution, metabolism, and excre-
tion (ADME) study, where coadministration of 100 mg RTV with
a single 300-mg oral dose of [14C]BMS-663068 resulted in 45%
and 66% increases in the BMS-626529 Cmax and the BMS-626529
AUC from time zero to infinity, respectively, compared with the
values obtained with administration of BMS-663068 alone (Bris-
tol-Myers Squibb, unpublished). A moderate increase in steady-
state BMS-626529 systemic exposure (Cmax, 45 to 51%; AUC from
time zero to 24 h, 30 to 42%) was also seen in a proof-of-concept
study following a comparison of multiple-dose PKs in HIV-1-
infected subjects receiving BMS-663068 at 1,200 mg every 12 h

TABLE 1 Summary of BMS-626529 PK parameters and treatment comparisonsa

PK parameter

Geometric mean value (% CV) for the following treatments:
Adjusted geometric mean ratio (90% CI) for the following
treatment comparisons:

A (n � 36) B (n � 17) D (n � 36) D vs A B vs Ab D vs Bb

Cmax 1,878 ng/ml (42) 2,688 ng/ml (52) 3,150 ng/ml (47) 1.68 (1.58, 1.79) 1.53 (1.31, 1.79) 1.15 (1.01, 1.30)
AUCtau 12,040 ng · h/ml (38) 16,615 ng · h/ml (44) 18,559 ng · h/ml (47) 1.54 (1.44, 1.65) 1.45 (1.29, 1.61) 1.08 (0.99, 1.17)
C12 358 ng/ml (65) 522 ng/ml (73) 560 ng/ml (70) 1.57 (1.28, 1.91) 1.44 (1.00, 2.08) 0.991 (0.803, 1.22)
a Treatment A, BMS-663068 at 600 mg BID; treatment B, BMS-663068 at 600 mg BID plus RTV at 100 mg QD; treatment D, BMS-663068 at 600 mg BID plus ATV at 300 mg QD
plus RTV at 100 mg QD; AUCtau, area under the plasma concentration-time curve in one dosing interval (12 h); CI, confidence interval; Cmax, maximum concentration in plasma;
C12, plasma concentration at 12 h postdose; CV, coefficient of variation; PK, pharmacokinetic.
b Only data for subjects randomized to treatment sequence A-B-D or A-D-B were included in the analysis.

TABLE 2 Summary of ATV PK parameters and treatment comparisonsa

PK
parameter

Geometric mean value (% CV) for the
following treatments:

Adjusted
geometric mean
ratio (90% CI)
for treatment D
vs CbC (n � 18) D (n � 36)

Cmax 6,142 ng/ml
(21)

6,121 ng/ml
(20)

1.03 (0.963, 1.10)

AUCtau 59,077 ng · h/ml
(32)

59,674 ng · h/ml
(29)

1.09 (1.03, 1.15)

C24 1,233 ng/ml
(52)

1,318 ng/ml
(45)

1.19 (1.10, 1.30)

a Treatment C, ATV at 300 mg QD plus RTV at 100 mg QD; treatment D, BMS-663068
at 600 mg BID plus ATV at 300 mg QD plus RTV at 100 mg QD; ATV, atazanavir;
AUCtau, area under the plasma concentration-time curve in one dosing interval (24 h);
CI, confidence interval; Cmax, maximum concentration in plasma; C24, plasma
concentration at 24 h postdose; CV, coefficient of variation; PK, pharmacokinetic.
b Only data for subjects randomized to treatment sequence A-C-D or A-D-C were
included in the analysis.
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(q12h) plus RTV at 100 mg q12h or every morning with those in
subjects receiving BMS-663068 alone at 1,200 mg q12h (15).

The moderate increase in BMS-626529 systemic exposure ob-
served in the presence of RTV is consistent with the metabolic
profile of the compound, in that RTV inhibits the CYP3A-medi-
ated metabolism of BMS-626529 but has a minimal effect on the
esterase-mediated hydrolysis pathway. Notably, the increased sys-
temic exposure of BMS-626529 following RTV coadministration
is modest compared with the increased systemic exposures of PIs,
such as darunavir (20) and lopinavir (21), whose plasma concen-
trations have been pharmacokinetically enhanced by low-dose
RTV. It is also expected that in the presence of the potent CYP3A
inhibitor RTV, the addition of ATV, which is also a potent inhib-
itor of CYP3A, would not further potentiate the DDI. This is dem-
onstrated by the lack of a significant change in the BMS-626529
AUCtau and C12 and the minor 15% increase in the BMS-626529
Cmax observed following the coadministration of ATV/r with
BMS-663068 compared with that observed following the coad-
ministration of RTV plus BMS-663068 alone. Collectively, these
results suggest that a moderate increase in BMS-626529 systemic
exposure may be expected upon coadministration of BMS-663068
with a potent CYP3A inhibitor, such as RTV, or RTV-boosted PIs,
such as ATV/r. However, addition of ATV to BMS-663068 admin-
istered in the presence of RTV does not result in any further
changes in BMS-626529 systemic exposure.

The modest increases in BMS-626529 systemic exposure ob-
served on BMS-663068 coadministration with RTV and/or ATV
were not associated with any additional safety signals. In particu-
lar, no increases in the frequency or severity of BMS-663068-re-
lated AEs were observed (11). These findings suggest that no BMS-
663068 dose adjustment is anticipated when coadministered with

either ATV/r or RTV. Studies are ongoing to analyze potential
DDIs between BMS-663068 and other antiretroviral agents.

As neither BMS-663068 nor the active moiety, BMS-626529, is
an inhibitor or inducer of CYP3A, coadministration of BMS-
663068 is not expected to affect the systemic exposures of CYP3A
substrates. In line with this, compared with the results obtained by
administration of ATV/r alone, coadministration of BMS-663068
at 600 mg BID with ATV/r had no effect on ATV or RTV systemic
exposures (Cmax or AUCtau), although small increases in C24 were
seen (19% and 22%, respectively). In addition, the effect of coad-
ministration of RTV with BMS-663068 at 600 mg BID on RTV
systemic exposures was determined. Following coadministration
of RTV with BMS-663068, the RTV Cmax and AUCtau were ap-
proximately 60% and 38% lower, respectively, than those ob-
tained with coadministration of RTV with ATV. Both ATV and
RTV are potent CYP3A4 inhibitors, and it has been shown that
coadministration of ATV with RTV roughly doubles RTV sys-
temic exposures (19). Thus, the results from this study imply that
BMS-663068 has only a minimal impact on RTV systemic expo-
sures. It should, however, be noted that this was a between-subject
comparison, and the precision of such a comparison is lower than
that of a within-subject comparison. Thus, as BMS-663068 does
not affect the systemic exposure of RTV or ATV/r, no dose adjust-
ment for RTV or ATV/r is anticipated when these agents are used
in any combination.

Throughout the study, BMS-663068 was generally well toler-
ated when administered as a 600-mg BID dose, either alone or in
combination with RTV or ATV/r, in healthy subjects. No SAEs,
discontinuations due to AEs, or deaths were reported. Drug-re-
lated AEs were observed in 58.3% of subjects, with the most fre-
quently reported drug-related AEs being scleral icterus (36.1%),

TABLE 3 Summary of RTV PK parameters and treatment comparisonsa

PK parameter

Geometric mean value (% CV) for the following treatments:
Adjusted geometric mean ratio (90% CI) for
the following treatment comparisons:

B (n � 17) C (n � 18) D (n � 36) D vs Cb (90% CI) B vs Cc (90% CI)

Cmax 933 ng/ml (37) 2,327 ng/ml (36) 2,188 ng/ml (36) 1.02 (0.957, 1.09) 0.401 (0.331, 0.484)
AUCtau 7,373 ng · h/ml (35) 11,994 ng · h/ml (28) 12,138 ng · h/ml (27) 1.07 (1.03, 1.10) 0.615 (0.509, 0.742)
C24 78.2 ng/ml (65) 54.5 ng/ml (52) 67.9 ng/ml (51) 1.22 (1.12, 1.32)
a Treatment B, BMS-663068 at 600 mg BID plus RTV at 100 mg QD; treatment C, ATV at 300 mg QD plus RTV at 100 mg QD; treatment D, BMS-663068 at 600 mg BID plus ATV
at 300 mg QD plus RTV at 100 mg QD; AUCtau, area under the plasma concentration-time curve in one dosing interval (24 h); CI, confidence interval; Cmax, maximum
concentration in plasma; C24, plasma concentration at 24 h postdose; CV, coefficient of variation; PK, pharmacokinetic; RTV, ritonavir.
b Only data for subjects randomized to treatment sequence A-C-D or A-D-C were included in the analysis.
c This was a between-subject comparison; no subject received both treatment B and treatment C.

TABLE 4 Summary of adverse eventsa

AE

No. (%) of subjects

Treatment A
(n � 36)

Treatment B
(n � 18)

Treatment C
(n � 18)

Treatment D
(n � 36)

Any BMS-663068
treatment (n � 36)

All events 4 (11.1) 5 (27.8) 7 (38.9) 19 (52.8) 21 (58.3)
Scleral icterus 0 1 (5.6) 2 (11.1) 10 (27.8) 11 (30.6)
Abdominal pain 0 1 (5.6) 3 (16.7) 4 (11.1) 5 (13.9)
Headache 2 (5.6) 0 2 (11.1) 5 (13.9) 7 (19.4)
Dizziness 0 0 2 (11.1) 2 (5.6) 2 (5.6)
Nausea 0 1 (5.6) 1 (5.6) 3 (8.3) 4 (11.1)
Musculoskeletal chest pain 0 0 2 (11.1) 1 (2.8) 1 (2.8)
a Adverse events reported in �10% subjects in at least one treatment. Treatment A, BMS-663068 at 600 mg BID; treatment B, BMS-663068 at 600 mg BID plus RTV at 100 mg QD;
treatment C, ATV at 300 mg QD plus RTV at 100 mg QD; treatment D, BMS-663068 at 600 mg BID plus ATV at 300 mg QD plus RTV at 100 mg QD.
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abdominal pain (16.7%), and headache (13.9%). These AEs are
consistent with findings from previous clinical studies, and in-
creases in bilirubin levels and rates of occurrence of scleral icterus
were expected following administration of ATV/r (13). Scleral ic-
terus occurred more frequently in subjects receiving BMS-663068
plus ATV/r (10/36, 27.8%) than in subjects receiving only ATV/r
(2/18, 11%). Total bilirubin levels returned to normal in all sub-
jects during the postdosing follow-up period. These findings are
consistent with the unconjugated hyperbilirubinemia observed
with administration of ATV/r secondary to competitive inhibition
of the UGT1A1 enzyme (13).

Conclusions. The results of this study show that in the pres-
ence of ATV/r or RTV, modest increases in BMS-626529 systemic
exposure can be detected. As these moderate increases were not
associated with any additional safety signals, dose adjustment of
BMS-663068 is not required when coadministered with either
ATV/r or RTV. Additionally, BMS-663068 did not significantly
affect ATV (administered as ATV/r) or RTV systemic exposures,
suggesting that dose adjustments of ATV or RTV are not required
when used in combination with BMS-663068. BMS-663068 was
generally well tolerated when administered alone or in combina-
tion with ATV/r and RTV. These findings contribute toward the
design of a subsequent phase III clinical study of BMS-663068 in
heavily treatment-experienced patients, for which the 600-mg
BID dose has been selected for investigation.
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